
Detection of Phenylketonuria Carriers
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THE ANAVLYSIS of singc,le blood samples for
phenylalanine (P.kAA) and tyrosine (1) sim-

plities the identification of plhenylketonur ia
(PKUK) carriers anid may replace the toleranice
test, witlh its multiple samiiples and occasioiial
symupatlhomimiletic responses (?). The new
method's p)otelntial for wide application
p)Iomliptel uis to survey sev-eral families in New
Yoork State's PKU register (3). Our results
corrobor-ate Caniadian reports of its validity in
presumed carriers (1, 4) and illustrate its
adaptal)ility to the screening of high-risk.
g,rI'oups.

Methods
From-i 59 inembeirs of niine families on1 the

P1KV register, lheparinlized blood samples (375
microliters) were collected in their homes by
fiing,er pulLnctLure after the persons had fasted
overniirlht. Tlhese 59 relatives of persons with
phlienylketonuria consisted of 17 parents (re-
ferred to hereafter as the presumed carriers),
tw-o great (granidparents, 12 grandparents, six
siblings, 17 aunts and uncles, and five cousins.
In two of the 11 probands, MI. M. and H., the
defect lhad beenc detected in infancy through
New York State's manidatory PKU scr:eeninig
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progLaml; otlher probands resided at, or were
outpltients of, the New York State Department
of AMeiital Hygiene's schools for the 1-mentally
retar(led. Similar blood sainples from 13)
lhealtlhy young adults witlh no famlily hiistory of
plhenylketonuria serv-ed as controls. Twenty-
sev-eni of the relatives were m-lale, as were eiglht
of the controls.
The blood sanpl)les wvere deliv-ered or mailed to

the PKU screeniing laboratory of the divisioni
of laboratories and researchl, State of New York
Departm-lent of Healtlh, witlini24 hours ancd
were deproteiinized before assay (5). Plhenyl-
alanine con-centrations were estimated by the
spectrop)hotofluorometriic metlhod described by
AMc.Cama.n and Robins (6); tyrosinie concentra-
tionis by the metlhod lldenfrienid (7) amid J.
Bourdillon, senior miiedical bioclhemiiist in the
division of laboratories and researchl, hllve
described. The standard deviationi in 136 assays
of the Hyland standard with a mean PAA coIn-
cent-ation of 2.47 ing. per 100 mil. of blood was
+0.30; the deviation in 20 assays of the Dade
st.andaird (Afonitrol 1), with aimean tyrosine
concentration of 1.43 nmg. per 100 cc., was ±0.21.
Variation in the concentrations of the two amino
acids in samples from the samine person obtained
on differient days was withlini 10 percent.
We assessed the effect of mialinig( on salnples

by comparinig the PAA anid tyrosine concentra-
tiolns in sev-eral whlichli wei-e assayed on the day
of saiiipling and in aliquots of the same samples
assayed after 24 hours in transit. Conicenitrationis
of both of the anmiino acids were ri-eater in the
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mailed samples, but as other investigators have
previously noted (8), the increases were within
the limits of the assays' precision.

Results
The figure illustrates the means, standard

deviationis (S.D.), anid ranges of the fasting
plasmna PAA and tyrosiine concentrations and
of the PAA to tyrosine ratios found in the 17
presuimed carriers and tlle 13 controls. PAA
concentrations in all buit one of the control
samuples fell witlhin or below the 95 percent con-
fidence limits of the niean of 1.6 mg. per 100 ml.
of blood, S.D. ±0.37; all but one of the siamples

Distribution of phenylalanine and tyrosine
17 presumed carriers of phen:

3.5 ,-

from the presumed carriers were within or
above the confidence limits of the mean of 2.4
mg. per 100 ml., S.D. +0.32. Phenylalanine
concentrations were the same (2 mg. per 100
ml.) in samples from two controls and one
presumed carrier.

Mean, concentrationis of tyrosine were similar
in the carriers and the controls, as otlhers have
reported (1, 4). The tyiosine concenitration of
the onie control santple witlh excessive PAA was
well below the 95) perceint confidence limits of
the mean of 1.8 mg. per 100 ml.; the two samples
witlh abnotrmal va-tlues may hav-e come from
lheterozyg,otes.

and of phenylalanine to tyrosine ratios among
ylketonuria and 13 normal adults
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The ratios of PAA to tyrosine in all but one
of the control samples fell within or below the
95 percent confidence limits of the mean ratio
of 0.90, S.D. +0.22; the ratios in the samples
from the presumed carriers were within or
above the confidence limits of the mean ratio of
1.40, S.D. +0.37. The ratios for three of the
control samples and for two of the samples
from presumed carriers overlapped in the range
1.04 to 1.08. These differences in concentrations

and the overlapping values are similar to ones
mentioned in initial reports of the method
(1, 4).
The controls and presumed carriers in our

population were as well distinguished by their
fasting PAA concentrations as by their ratios
of PAA to tyrosine. Since, however, in previous
applications of the method, inclusion of the
PAA to tyrosine criterion had reportedly re-
duced the zone of overlap between controls and

Table 1. Concentrations of phenylalanine, phenylalanine to tyrosine ratios, and phenotype
for 59 relatives of the 9 proband families

Great Grand- Aunts and
grand- parents Parents Siblings uncles Cousins

Probands parents

P R S P R S P R S P R S P R S P R S

N. B 2.2 1.44 C
2.2 1.44 C

2.0 1.40 C
2.6 1.24 C
2.5 1.29 C

3.0 1.35 C
2.0 0.97 NC

2.4 1.03 I 1.4 0.87 NC
2.3 1.00 I 1.6 0.97 NC

2. 9 0. 87 I

2.6 1.26 C
2.3 1.24 C

2.3 1.24 C 3.1
2. 0
2. 6
2. 0
2. 2

1.37 C
1. 01 NC
1.55 C
1. 03 NC
0.84 I

2.2 2.04 C
2.3 1.48 C

2.9 1.47 C 2.8 1.79 C
2.6 1.35 C

2.2 1.43
2.2 0.92
1.5 1.30
2.2 1.04

C
I
I
C

3.1 1.36 C
2.5 1.29 C

2.9 1.51 C 2.3 1.41 C
1.9 1.02 NC
2.4 1.55 C
2.3 1. 18 C

2.5 1.29
1.8 0.99
2.4 1.43

C
NC
C

2.3 1.27 C
2.1 1.08 I

P.J- 2.4 1.01 I
2. 3 1. 18 C

2.0 1.04 I 2.2 1.32 C 2.3 1.48 C

2. 55 1. 42 C
2.05 2.27 C

H.M . 2.9 1.24 C 2.55 1.64 C
2.3 1.02 I 2.4 1.24 C
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H

R. T

S. E

2.7 1.37 C
3.8 1.74 C
4.2 1.45 C

M. M

L. F

2. 1 1. 04 I
2. 0 0. 85 NC

P-concentration of phenylalanine in mg. per 100 ml. of blood, R-ratio of phenylalanine to tyrosine, S-carrier
status, C-carrier, NC-noncarrier, I-indeterminate.

2.3 1.45 C
2.7 1.20 C
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presumed carriers (1, 4), we included these
ratios in our interpretation of phenotype in the
families studied.

Biochemical indices similar to those of the
presumed carriers-PAA concentrations of 2.2
mg. per 100 ml. or more and ratios of 1.08 or
more-were found in samples from 23 of the
other 42 relatives (table 1). Values similar to
those of the control group-PAA concentra-
tions of 2.0 mg. or less and ratios of 1.04 or
less-were found in nine samples. One or the
other of the two indices characteristic of the
presumed carriers, but not both, was found in
10 samples. In eight of the 10, PAA concentra-
tions of 2.2 mg. per 100 ml. or more were ob-
served, for one of which there was an "overlap-
ping" ratio of 1.04; the ratios for two samples
were 1.08 or more, for one of which an "over-
lapping" PAA concentration of 2.0 mg. per 100
ml. was noted.

Relatives were considered probable carriers
if both the PAA concentration and the PAA
to tyrosine ratio were similar to those for the
presumed carriers or if one abnormal parameter
was accompanied by the other one in the "over-
lapping" range. Relatives were considered non-
carriers if both biochemical indices were simi-
lar to those for the control group. The rela-
tive's status was considered indeterminate if
only one parameter was abnormal or if both
parameters were in the "overlapping" range
(table 1).
Fifty-five percent (23 of 42) of the relatives

had biochemical characteristics like those of the
presumed carriers, a proportion comparable to
the prediction of 60 percent made from toler-
ance tests in a similar population (2). The dis-
tribution and frequency of the carriers iden-
tified in our study, with the exception of a
surplus among aunts and uncles, approached

the pattern and number that would be expected
for a disease with an autosomal recessive pat-
tern of inheritance (table 2).

Discussion

The identification of carriers may be helpful
in distinguishing the classic form of phenylke-
tonuria from other forms of hyperphenylalani-
nemia detected in birth screening programs (9,
10). A convenient one-sample assay should en-
courage this approach (11).
The validity of the assay as a marker of the

carrier state has already been explored through
parallel assays of presumed carriers by both
methods (1). In these assays, the fasting PAA
to tyrosine ratios proved as discriminatory as
the older tolerance tests (12-17), distinguishing
about 80 percent of the presumed carriers with
biochemical evidence of heterozygosity. Thus,
the limited expression of phenotype in a few of
our presumed carriers that resulted in a narrow
zone of overlapping values with the controls is
not unusual. The zone, which occupied about
10 percent of the distribution of PAA concen-
trations and PAA to tyrosine ratios encountered
in our samples, was similar to that found in
the two populations previously tested by this
method (1,4). The zone of overlap, however,
was less than that found when fasting PAA
concentrations alone were compared (18) and
was not much greater than that obtained in a

sensitive loading dose test (2).

Summary
The single fasting-sample procedure of Perry

for distinguishing carriers of phenylketonuria
was applied to a high-risk population in New
York State-59 members of nine families in
which persons with the disease had been identi-

Table 2. Frequency of carriers among various relatives of probands

Relationship to proband Theoretical carrier rate Relatives Carriers Carriers
sampled found expected

Great grandparents -- 2 of 8 (1 in 4) -2 0 < 1
Grandparents --2 of 4 (1 in 2)-12 .5 6
Parents - -2 of 2 (1 in 1)-17 15 17
Siblings- 2 of 3 (2 in 3) -6 6 4
Aunts and uncles -1 of 3-17 11 6
First cousins -2 of 12 (1 in 6)-3 1 < 1
Second cousins -4 of 48 (1 in 12)-2 2 <1
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fied. More than 50 percent (23 of 42) of the
close relatives of the persons with the disease
were found to have biochemical indices similar
to those of the 17 presumed carriers (the parents
of the probands). The method proved as dis-
criminatory as older procedures and, in general,
revealed the expected frequencies of pheno-
types. Applicationi of the method in birth screen-
ing programs and genetic counselinig is there-
fore feasible.
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